Abstract Cardiovascular disease, as the leading cause of patient death with chronic kidney disease, could be predicted by carotid atherosclerosis. The aim of the present study was to evaluate a possible relationship between serum soluble tumor necrosis factor-like weak inducer of apoptosis (sTWEAK) and Vitamin D levels with mean right/left carotid intima-media thickness (cIMT), in the hemodialysis (HD) patients. In this cross-sectional study, serums were obtained from 50 stable chronic HD patients and 39 healthy controls. The serum levels of sTWEAK, Vitamin D, intact parathyroid hormone (iPTH) in both groups, and cIMT were determined in HD patients by standard methods. Serum levels of sTWEAK were higher [808.8 (521.6-5032.4 and left (r = 0.061/ p = 0.673) cIMT in the HD patients. Our study shows that sTWEAK levels are elevated in HD patients. This elevation has no association with the cIMT.
Introduction
Cardiovascular disease (CVD) is the main cause of mortality in chronic kidney disease (CKD) [1] . Although many traditional risk factors contribute to develop CVD, the role of non-traditional risks such as oxidative stresses could not be ignored in the patients with End Stage Renal Diseases (ESRD) [2] . Impaired kidney function predisposes patients to a low-grade chronic systemic inflammation [3] , and it is well recognized that inflammation plays a significant role to develop atherosclerosis [4] .
Tumor necrosis factor (TNF)-like weak inducer of apoptosis (TWEAK) is a member of the TNF superfamily and a multifunctional cytokine, and circulates through the plasma as a soluble protein (sTWEAK) with a molecular weight of 18 kD [5] . TWEAK has a wide tissue distribution [6] , and is expressed and elevated following of many inflammatory states including kidney disease [7] . It has been shown that TWEAK is involved in atherosclerotic plaque development [8] . Furthermore TWEAK has a role in vascular remodeling, induces vascular inflammatory responses, and increases atherosclerotic lesion size [9] .
Vitamin D formerly was known as an important factor for regulation of calcium phosphorus homeostasis and bone metabolism. However, a growing body of knowledge have also verified that Vitamin D has an important role in cardiovascular health [10] . Several studies demonstrated that the vast majority of hemodialysis patients have low levels of vitamin D [11] . Protective effect of Vitamin D on endothelial cells remodeling, and also prevention of inflammatory process inside atherosclerotic plaque have been documented [10] .
Inverse correlation of serum parathyroid hormone (PTH) and deficiency of vitamin D in most ESKD patients have been shown in recent studies [12] . Hyperphosphatemia and high PTH levels have been known as risk factors for car-diovascular disease mortality in HD patients [13] . Elevated PTH level can lead to an increase in bone resorption and vascular calcification in chronic kidney diseases [14] .
As we know carotid Intima-Media thickness (cIMT) is an independent predictor of coronary atherosclerosis in the hemodialysis patients [15] , our hypothesis is that to evaluate any correlation between serum sTWEAK levels, Vitamin D deficiency, and cIMT in this group of patients.
Methods
This study was performed at the Department of Biochemistry, Tabriz University of Medical Sciences (TUMS). The study design was approved by the Ethics Committee of Tabriz University of Medical Sciences (cod: 5.4.582). All patients and controls gave written informed consent before participating.
The study groups comprised 39 healthy controls and 50 patients on hemodialysis. Sample size calculations were performed using the Power and Sample Size Calculation (PS) software, version 3.1.2. The calculation was based on information obtained from a pilot study for vitamin D. Thus, the sample size was estimated to be nearly 40 subjects per group, in order to achieve an alpha of 5% and a power of 80%.
Exclusion criteria for hemodialysis patients were: (1) a history of hormone therapy with PTH (2) liver disease, and (3) cardiovascular disease. All patients were stable and were under regular hemodialysis for at least 6 months (range, 6-84 months), for 4 h, 3 times per week.
In the present study, all hemodialysis patients were consuming active vitamin D3 (Calcitriol: 0.25 micrograms/day) and phosphate chelating agent routinely. Amlodipine, Furosemide, and Diltiazem were prescribed for the treatment of hypertensive and also Atorvastatin for hyperlipidemic patients.
Blood samples were obtained from a peripheral vein after 12 h of overnight fasting, just prior to the beginning of hemodialysis in the hemodialysis group. Subsequently plasma and sera were separated within 30 min and the samples were kept frozen at -70°C until assays were carried out.
Estimation of Right and Left Common Carotid Artery Intima-Media Thickness
Common carotid artery (CCA) imaging was performed with an ultrasound device (Madison Prestige V20 South Korea) equipped with a 5-13 MHz linear probe and subjects was in su-pine position with a slight extension of the neck. IMT measurements of the right common carotid artery (RCCA) and left common carotid artery (LCCA) were obtained with ultrasound unit [16, 17] . Initially, a transversal scanning view of the CCA was performed in the longest extension possible from the base of the neck to the carotid bulb. At least three intima-media thickness (IMT) points were measured in the near and far walls in the most thickened area of each vessel. IMT is defined as a doubleline pattern visualized on both walls of the common carotid artery (CCA) in a longitudinal view. Two parallel lines: lumen-intima and media-adventitia interfaces. Carotid IMT (cIMT) was evaluated at the wall of artery 3.5 cm proximal to its bifur-cation. The left and right cIMT was calculated as the mean and maximal IMT of individual measurements at different points within the region of interest. A cIMT superior to 0.9 mm was considered to be an abnormal finding (Figs. 1 and 2) [18] .
Enzyme-Linked Immunosorbent Assay
Serum concentrations of soluble Tumor necrosis factor-like weak inducer of apoptosis (sTWEAK) were measured using a human sTWEAK enzyme-linked immunosorbent assay (ELISA) kit in an ELISA plate reader (Eastbiopharm, China/Cat. No: CK-E11580, assay range: 10-4000 ng/ml, sensitivity: 5.51 ng/ml, intra-assay: CV \ 10%, inter-assay: CV \ 12%). Intact parathyroid hormone was measured by enzyme-linked immunosorbent assay (ELISA) (Immunodiagnostic Systems, Biomerica USA, Lot. No: 2535, assay range: 1.0-833 pg/ml, sensitivity 1.57 pg/ml, intra-asssay: CV: 4.68%, inter-assay: CV: 3.2%). Vitamin D was measured by ELISA (Immunodiagnostic Systems, Bioactiva diagnostica, Germany, Lot. No: VDS 5047, assay range: 15-60 ng/ml, sensitivity: 0.67 ng/ml, intra-assay: CV: 3.87%, inter-assay: CV: 4.55%).
Statistical Analysis
Numbers and their percentages were shown for categorical variables. The data were analyzed using the Student t test, Chi square test, Mann-Whitney U test, and the one-way analysis of variance. All statistical analyses were performed using the SPSS software version18 (SPSS, Chicago, IL, USA). Results are expressed as median (minimum-maximum values), or mean ± SD, numbers and their percent when appropriate. Spearman's Correlation was used to examine the relationship between the variables and the p \ 0.05 was considered significant. 
Results
The demographic and biochemical data of the hemodialysis patients and healthy controls are summarized in Table 1 .
There was no significant difference in the mean age and sex distribution between the two study groups. The causes of ESRD were diabetic nephropathy in 17 patients (34%), hypertension in 26 (52%), chronic glomerulonephritis in 4 (8%), kidney stone disease in 2 (4%), and other or unknown causes in 1 (2%). Serum sTWEAK levels were significantly higher in the hemodialysis patients than in the healthy control group Table 2 . The serum levels of Vitamin D and iPTH, also was not different between men and the women in the hemodialysis group (p = 0.109 and p = 0.371, respectively). Table 3 shows correlation coefficients. No significant correlation was seen between serum Vitamin D levels and serum sTWEAK levels (r = 0.010, p = 0.946) among hemodialysis patients. Additionally no significant correlation between serum sTWEAK and mean right/left cIMT (r = -0.194/p = 0.178 and r = 0.061/p = 0.673, respectively) was seen. The correlation between Vitamin D levels and mean right/left cIMT (r = -0.096/p = 0.508, r = -0.008/p = 0.953, respectively) was not also significant. There were no significant correlations with sTWEAK and iPTH levels in the patients and control group (r = -0.035/ p = 0.812, r = -0.056/p = 0.735, respectively).
Discussion
Our findings demonstrated the four following results: (i) Serum sTWEAK levels were significantly higher in the HD patients than the controls. (ii) No significant correlation As for the first time by Blanco-Colio et al., sTWEAK level is decreased in the patients with subclinical atherosclerosis and this low level has an inverse correlation with cIMT [19] . Moreover has been reported that the sTWEAK level decreases with progression of the degree of CKD and reached to the minimum in the stage 5 CKD [20, 21] . Valdivielso et al. [21] demonstrated also, a negative correlation of sTWEAK level with cIMT in CKD patients. In 4-year prospective multicenter cohort study among 1058 CKD patients, sTWEAK level was convincingly lower in CKD stage 5 Dialysis group than CKD stage 3 group. In this study sTWEAK level negatively correlated with the degree of cIMT [22] . Our results, however, demonstrated a significantly increased sTWEAK level in the HD patients than the healthy controls, although no correlation was seen with sTWEAK level and mean right/ left cIMT. Our different finding compared to the literature is thought that the elevation in sTWEAK concentration in our study would be consequent of up-regulation of the TWEAK and its receptor Fn14 expression secondary to tissue injury and inflammatory states in the kidney diseases [23] [24] [25] . Accordingly the elevation seen in sTWEAK level seems to be plausible, considering that CKD is a chronic inflammatory state [3] . Nonetheless the reason for declined sTWEAK level seen in the previous studies is not clear and it may be attributed to concurrent Fn14 and CD 136 increase that leads to sTWEAK tissue retention and degradation and subsequently reduced sTWEAK levels in serum [26, 27] .
We found that no significant difference in sTWEAK concentration between men and women in the hemodialysis group [865.8 (533.1-5032.4) ng/ml vas. 785.3 (521.6-5032.2) ng/ml (p = 0.467)]. Contrary to ALP alkaline phosphatase; cIMT carotid intima-media thickness; iPTH intact parathyroid hormone; mm millimeter; SD standard deviation; sTWEAK soluble tumor necrosis factor (TNF)-like weak inducer of apoptosis. Spearman's test was used to determine correlations our results, Kralisch et al. [28] , reported that sTWEAK levels were significantly higher in females (520.36 ± 227.66 lg/l) compared with males (431.41 ± 185.14 lg/l) (p \ 0.05) when chronic dialysis and control groups were analyzed together. This difference may be the result of differences in underlying conditions of study population, considering that the majority of patients and controls in the mentioned study had type 2 diabetes mellitus.
Yadav et al. [29] , demonstrated a significant and independent association between low Vitamin D concentrations and the degree of cIMT in stage 4 and 5 nondialysis CKD patients. This finding is in accord with those obtained by Drechsler et al. (n = 1108) [11] , that documented a strong association between Vitamin D deficiency and cardiovascular events in diabetic hemodialysis patients. On the contrary other studies could not show a link between serum Vitamin D levels and the degree of cIMT in different stages of CKD patients [30, 31] . In favor of these results, we could not document a correlation between decreased serum Vitamin D levels and mean right/left cIMT in hemodialysis patients. In support of our results, Vitamin D supplementation have failed to lower cardiovascular events in an interventional studies [32] . As high prevalence of atherosclerotic coronary artery calcification in the CKD patients has multifactor, including high serum phosphorus, Klotho and FGF23 [33] , the role of vitamin D deficiency alone would be disappeared.
Our study has several limitations which should be considered with precautious: first, relatively small sample size may have reduced the statistical power of the study. Second, serum Fn14 and CD 163 have not been measured which could give some insight into the cause of sTWEAK elevation in our study population. Third, other factors including hsCRP, IL-6, FGF23, and a-klotho have not been considered which could potentially be confounding.
Conclusion
Serum sTWEAK levels are significantly increased in hemodialysis patients, although it lacks a significant correlation with the mean right/left cIMT.
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